Supported liquid membranes (SLMs) have attracted attention in industrial and analytical fields as a tool for the efficient separation and preconcentration of target species. However, the commercial applications of SLMs are limited because of the instability and short lifetime of the membrane. 1 Ionic liquids (ILs), which are salts with low melting points, have unique properties not shared by conventional molecular solvents, such as high thermal stability and negligible vapor pressure. 2 Furthermore physicochemical properties of ILs are extensively tunable. Therefore, water-immiscible ILs have a high potential for the construction of stable SLMs as an alternative to organic solvents for the membrane phase. Despite the advantages of ILs, there have been no reports on the application of IL-based SLMs for the separation of metals to date because no suitable combination of an IL and a carrier, which is dissolved in the membrane phase and binds a target metal ion from the feed phase, has been found. Extractants used for solvent extraction are usually diverted to carriers in the organic solvent system. ILs can, however, dissolve only a few extractants. Furthermore, the stripping of metals from ILs is generally very difficult when the extractants exhibit high extraction performance in ILs. 3 Rare metals, including rare-earth metals, are indispensable elements for the high-tech industry, and are encouraged to be recycled from used products containing such metals. In this article, we consider the successful separation of Y and Eu from a solution containing a metal mixture, which is a main component of a phosphor for TV tubes, by using a liquid membrane based on ILs.
We employed newly synthesized N,N-dioctyldiglycol amic acid (DODGAA) 4 as a carrier. N,N,N′,N′-Tetra(n-octyl)-diglycolamide (TODGA), which is a neutral tridentate ligand with two carbamoyl groups connected by an ether chain, was reported to exhibit high affinity for rare-earth metals. 5 DODGAA, which replaces one carbamoyl group of TODGA by a carboxy group, as shown in Fig. 1 , is ionizable by dissociation of the carboxy group.
DODGAA and ionic liquids, 1-alkyl-3-methylimidazolium bis(trifluoromethanesulfonyl)imide (abbreviated as [Cnmim] [Tf2N], n = 4, 8, 12) were synthesized as described previously. 4 Extracting phases were prepared by dissolving DODGAA in the ILs, or n-dodecane containing 5 vol% 1-octanol as a solubilizer. Aqueous feed phases were prepared by dissolving nitrate salts of Y, Eu and Zn at 0.1 mM each. The extraction equilibria were measured at 273 K by the conventional method. The stripping of metals from the extracting phase was carried out using nitric acid.
A supported liquid membrane was prepared by immersing a hydrophobic porous polyvinylidene fluoride film (Millipore, pore size 0.45 mm and thickness 125 μm) in [Cnmim] [Tf2N] or n-dodecane containing DODGAA. A transport experiment was performed using a glass cell unit which held the membrane (effective area 5 cm 2 ) between two independent 55 mL compartments for the feed phase and the receiving phase. Samples were periodically withdrawn from the two phases, and the metal concentrations were measured by ICP-AES. † To whom correspondence should be addressed. ]aq) versus the DODGAA concentration or the pH for the rare-earth metals (Fig. 2(b) ). It was obvious that the extraction was mediated by proton exchange for a metal ion in the IL system, as in the organic solvent system. 4 The stripping of metal ions, which was difficult in the IL-containing TODGA system, was readily completed by using an acid solution, such as nitric acid at around 1 M.
The transport of Y and Eu from aqueous feed mixtures also containing Zn, was examined. Figure 3 shows the transport behavior of metal ions through the SLM based on [C8mim][Tf2N] from the aqueous feed phase (initial pH 4) to the receiving 1 M nitric acid phase. As shown in Fig. 3 , Y and Eu were selectively extracted, leaving Zn in the feed phase, and were also simultaneously stripped without accumulation in the membrane phase. Quantitative transport was successfully achieved within 40 h under the experimental conditions used, and the Y and Eu could be completely separated from the metal impurity, Zn. The membrane was stable even after 120 h. SLM operation was also possible by using 
